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Introduction {#sec001}
============

Walking is reported as the most common form of aerobic physical activity (PA) \[[@pone.0214092.ref001]\]. Walking is an especially important PA to incorporate for health since it does not require skills, facilities, planning or expensive equipment, and can be done year-round as well as indoors and outdoors\[[@pone.0214092.ref002]\]. Walking is a PA that can be performed alone or with others, is learned early and can be continued throughout the lifespan, \[[@pone.0214092.ref003]\], and is appropriate to perform regardless of sex, race/ethnicity, education or income \[[@pone.0214092.ref002]\]. In addition, increases in walking have been shown to improve health by reducing abnormal cardiovascular disease risk factors \[[@pone.0214092.ref004]\] and reducing the risk of type II diabetes \[[@pone.0214092.ref005]\].

Research has shown that prevalence of walking is higher among individuals who are less educated, have lower income, employed, have lower BMI, and female, with inconsistent results among racial/ethnic groups \[[@pone.0214092.ref006]--[@pone.0214092.ref009]\]. Individuals who report at least 10 minutes of walking for leisure or transportation during the past 7 days are almost 3 times more likely to meet the U.S. PA aerobic guidelines of ≥150 minutes of moderate to vigorous PA (MVPA) per week compared to non-walkers \[[@pone.0214092.ref010]\]. However, despite this evidence for greater amounts of walking in these population subgroups, women and overweight/obese individuals, in particular, have lower overall PA levels and are less likely to meet the PA guidelines \[[@pone.0214092.ref011]\].

Walking occurs for many reasons beyond leisure time PA, including transportation and/or shopping. Adults are also more likely to walk if using public transportation \[[@pone.0214092.ref012], [@pone.0214092.ref013]\] and active transport (e.g., walking to destinations) contributes towards meeting the PA guidelines \[[@pone.0214092.ref014]\]. In general, individuals are willing to walk \~0.5 miles to reach a destination such as a grocery store, library, school, or restaurant \[[@pone.0214092.ref015]\], which suggests that proximity to goods and/or services gives individuals more opportunities to engage in walking as part of their daily routines. Living in a walkable neighborhood is associated with positive health benefits including accumulating more steps/day \[[@pone.0214092.ref016]\], and decreased prevalence of overweight, obesity and diabetes \[[@pone.0214092.ref017], [@pone.0214092.ref018]\]. In 2015, The Surgeon General released *Step It Up*! *A Call to Action* to promote walking and walkable communities in order to improve health \[[@pone.0214092.ref019]\]. The *Call to Action* states that more research is needed to identify benefits of walkable neighborhoods in diverse communities \[[@pone.0214092.ref019]\]. A walkable neighborhood is defined as one where it is safe and easy to walk and where pedestrian activity is encouraged \[[@pone.0214092.ref020]\]. Although the key elements of more walkable neighborhood continue to be investigated by urban planning and public health researchers, three built environment characteristics of more walkable neighborhoods have commonly been acknowledged: 1) higher residential density that is achieved through a mix of single-family and multi-family dwellings; 2) mixed land use whereby a greater mix of residential and commercial land uses allows for short walks to destinations such as restaurants, grocery stores, and other retail outlets; and 3) higher street connectivity, that is achieved by gridlike street patterns and shorter block lengths that allow for more direct walking routes to destinations. \[[@pone.0214092.ref021], [@pone.0214092.ref022]\]

One way to estimate walkability of a neighborhood is with Walk Score, an online, free international resource that examines proximity of resources to a specific address \[[@pone.0214092.ref023]\]. Several studies show that Walk Score was significantly correlated with objective, GIS-derived measures of built environment related to walkability, including street connectivity \[[@pone.0214092.ref024], [@pone.0214092.ref025]\], population density \[[@pone.0214092.ref024], [@pone.0214092.ref025]\], residential density \[[@pone.0214092.ref025]\], access to public transportation\[[@pone.0214092.ref024]\] and both the density \[[@pone.0214092.ref025]\] and sum \[[@pone.0214092.ref026]\] of destinations and amenities within a residential buffer (e.g., 400 meter or 1 mile buffer). Walk Score has also been shown to be associated with PA, where a 10 point higher Walk Score was associated with 9 more mins/week of walking \[[@pone.0214092.ref027]\]. However, a limitation of this study was that it utilized a self-reported assessment of walking. Research studies examining Walk Score and objective assessment of PA have had inconsistent findings where some studies show positive associations with steps \[[@pone.0214092.ref028]\], while others studies show no significant association with steps \[[@pone.0214092.ref029]\] or with light PA (LPA) or MVPA \[[@pone.0214092.ref030]\]. Limitations in previous research have included using a smartphone app for PA assessment \[[@pone.0214092.ref028]\] or only focusing on specific demographic subgroups such as type II diabetics or older adults \[[@pone.0214092.ref029], [@pone.0214092.ref030]\] which may not be generalizable to overweight/obese women. One study found that the association between PA and walkability stronger among overweight/obese women compared to other groups \[[@pone.0214092.ref028]\], making this demographic subgroup of particular interest. Therefore, the purpose of this study was to explore the associations between PA and Walk Score in overweight/obese women residing in an urban city in the United States (U.S.). More specifically, we sought to 1) examine the associations between Walk Score and objective measures of PA duration, intensity (LPA, MVPA, metabolic equivalents \[METs\]) and volume (steps, total activity counts \[TAC\]) and 2) explore the associations between Walk Score and meeting/exceeding PA guidelines for MVPA and steps.

Methods {#sec002}
-------

Project Health protocols and main outcome data has been previously published \[[@pone.0214092.ref031]\]. Briefly, participants were recruited who were female, overweight or obese, U.S.-born, African American or White, 19--35 years of age, and from the Boston area. Exclusion criteria included: currently pregnant or within past 6 months, current breastfeeding, weight fluctuation of \>5 kg (11 lbs) in past 6 months; self-reported diagnosis of existing cardiovascular disease, type 1 or 2 diabetes, thyroid disease, HIV/AIDS or current use of medications or supplements known to influence cardiometabolic risk factors (i.e., aspirin, fish oil). All protocols were approved by the University of Massachusetts Boston Institutional Review Board (protocol number: 2013049); all participants signed an informed consent prior to data collection.

Each participant was asked to wear an ActiGraph GT3X+ (Pensacola, FL) accelerometer for a minimum of 7 days around their waist over their right hip during all waking hours, except during water activities. Using ActiLife software (v6.13.3), accelerometers were initialized and set to collect data at 30 Hz sampling rate. After collection, data were downloaded and converted to 10-second epoch length with the low-frequency filter on. Participants were only included if they had a minimum of 3 valid days. A valid day was defined as a minimum of 8 hours per day of wear time. Non-wear time was defined using the Troiano validation algorithm of 60 minutes of continuous zeroes with a 2-minute interruption \[[@pone.0214092.ref011]\]. Non-wear time was excluded from the analysis. PA time in LPA and MVPA intensities were estimated using counts per minute (cpm) thresholds for LPA 100--2019 cpm and MVPA ≥ 2020 cpm \[[@pone.0214092.ref011]\]. Metabolic equivalents (METs) were estimated using the Crouter 2 regression model \[[@pone.0214092.ref032]\]. The 2-regression model distinguishes continuous walking and running activities from intermittent lifestyle activities and applies separate regression equations to each activity group. This approach has been shown to be more accurate than single regression approaches for estimating METs \[[@pone.0214092.ref031], [@pone.0214092.ref032]\].

For each valid day, steps per day were calculated as the sum of the total steps taken across the valid minutes. The steps per day where then divided by the wear time (minutes) to get steps per minute. Meeting the aerobic PA guidelines were examined in two ways: 1) weekly MVPA, was defined as ≥ 150 minutes/week \[[@pone.0214092.ref033]\], and 2) ≥10,000 steps/day \[[@pone.0214092.ref034]\]. To calculate weekly MVPA, the mean min/day of MVPA across valid days of PA was multiplied by 7.

Walk Score (Seattle, WA) was used to estimate the neighborhood built environment characteristics related to support walking of a participant's neighborhood using their residential street address and by analyzing walking routes to nearby recreational and cultural amenities (e.g., parks, museums) and retail destinations (e.g., grocery stores, dining). Walk Score measures pedestrian friendliness by analyzing population density and road metrics such as block length and intersection density. Data sources include Google, Education.com, Open Street Map, the U.S. Census, Localeze, and places added by the Walk Score user community \[[@pone.0214092.ref023]\]. Points were based on the distance to destinations; where amenities/retail destinations within a 5-min walk (0.25 miles) were given maximum points. A decay function is used to assign fewer points to more distant amenities, whereas no points are given after an estimated 30 minute walk (Walk Score range = 0--100 points) \[[@pone.0214092.ref035]\]. Walk Score is a mean of the individual sub-scores for 7 amenities scores: schools, parks, grocery stores, culture/entertainment (e.g., movie theater, museum), dining/drinking (e.g., café, restaurant), shopping (e.g., retail), and errands (e.g., bank, post office). Each type of destination is weighted equally \[[@pone.0214092.ref036]\].

Participants reported their age, race/ethnicity (White or African American), employment status (yes or no), student (yes or no) status, and usual daily activity (e.g., sitting most of the day, standing most of the day; walking most of the day). Height and weight were measured by certified technicians with standardized protocols and body mass index (BMI) was calculated by dividing weight (kg) into height (m^2^). BMI was classified as normal weight (18.5--24.9 kg/m^2^), overweight (25.0--29.9 kg/m^2^), or obese (≥30.0 kg/m^2^) \[[@pone.0214092.ref037]\]. Seasonality was assigned based on the date of data collection and categorized by solstice calendar definitions for fall (September 22/23) winter (December 20/21) spring (March 20/21, summer (June 20/21) and then dichotomized to spring/summer vs. fall/winter since no significant differences were found between spring and summer or fall and winter related to physical activity data collection \[[@pone.0214092.ref038]\].

Statistical analysis {#sec003}
--------------------

All statistical analyses were conducted in 2018 using SAS Software (version 9.4; Cary, North Carolina). General linear models (GLM) were used to examine cross-sectional associations between total Walk Score and PA outcomes (LPA, MVPA, TAC, METs, steps, steps/min). For any models that yielded a significant association between Walk Score and a PA outcome, an exploratory analysis was conducted using the Walk Score sub-scores (school, park, grocery store, culture/entertainment, dining/drinking, shopping and errands). A forward logistic regression was used to examine the association between the Walk Score and meeting the PA guidelines for MVPA mins/week and steps per day. All analyses adjusted for BMI, age, race/ethnicity, wear time, seasonality, employment and student status. Previous research has identified age, race/ethnicity, BMI, and seasonality as confounders in walkability and PA associations \[[@pone.0214092.ref029]\]. We also included employment and student status as covariates due to the age range of our young adult participants and the possibility that they may have been either a student and/or employed which could have caused them to spend time in other neighborhoods besides their home neighborhood. Statistical significance was set at p \< 0.05.

Results {#sec004}
=======

The total recruited and enrolled was n = 59. Participants were excluded from analysis for not wearing the accelerometer (n = 2), not meeting the wear time criteria (n = 6), MVPA minutes/day more than 2 standard deviations from the mean (n = 4), and being normal weight (n = 2), resulting in a final sample size of n = 45. There were no differences in age, BMI or distribution of race between those individuals included vs. excluded for this analysis.

All demographic, accelerometer and Walk Score characteristics of the sample are presented in [Table 1](#pone.0214092.t001){ref-type="table"}. The participant sample were all female, 62% African American, 42% overweight, and 58% obese. Total Walk Score was (mean ± SD) 63.9 ± 26.4, with approximately 58% living in neighborhoods described in categories designated by Walk Score "very walkable" (most errands do not require a car) or "walker's paradise" (daily errands do not require a car), 18% living in neighborhoods described as "somewhat walkable" (some errands can be accomplished by foot), and 24% living in neighborhoods that were "car-dependent" (most or all errands require a car)\[[@pone.0214092.ref023]\]. The highest Walk Score sub-score was found for the parks score (84.6 ± 23.7), while the lowest sub-score was found for the culture/entertainment score (50.9 ± 36.7). Participants wore the accelerometer for an average of 6.9 ± 1.9 days, and had 822.0 ± 102.3 mins/day of wear time. Most of the participants exceeded the step (88%) and MVPA guidelines (93%). Approximately 67% of the participants were employed, 51% were students, and 40% were both employed and students. The distribution for usual daily activity was reported as follows: 62% of the participants reported mostly standing or walking during the day, 20% mostly sitting during the day, 18% mostly lifting light loads or climbing stairs/hills.

10.1371/journal.pone.0214092.t001

###### Demographic, accelerometer and Walk Score characteristics[^a^](#t001fn002){ref-type="table-fn"}.

![](pone.0214092.t001){#pone.0214092.t001g}

  Demographic Characteristics                 
  ------------------------------------------- ------------------
  N                                           45
  African American, n (%)                     28 (62)
  Age (y)                                     26.5 ± 4.6
  BMI (kg/m^2^)                               31.5 ± 3.9
  Currently Employed, n (%)                   30 (67)
      Days/week                               4.6 ± 1.4
      Hours/week                              32.2 ± 13.7
  Student n (%)                               23 (51)
  **Accelerometer Variables**                 
  Days of Accelerometer Wear                  6.9 ± 1.9
  Wear Time (mins/day)                        822.0 ± 102.3
  Light PA (mins/day)                         206.2 ± 66.0
  Moderate PA (mins/day)                      45.5 ± 17.1
  Vigorous PA (mins/day)                      1.1 ± 1.5
  MVPA (mins/day)                             46.7 ± 17.5
      Meets MVPA Guidelines n (%)             42 (93)
  Total Activity Counts (counts/day)          284,758 ± 90,908
  METs                                        1.9 ± 0.2
  Steps (steps per day)                       14,143 ± 3,934
      Meets Step Guidelines n (%)             40 (88)
  Steps (steps/min)                           17.2 ± 4.1
  **Walk Score**                              
  Total Walk Score                            63.9 ± 26.4
      Dining/Drinking Score                   64.1 ± 23.0
      Grocery Score                           68.5 ± 37.4
      Parks Score                             84.6 ± 23.7
      Schools Score                           67.9 ± 34.6
      Shopping Score                          60.5 ± 25.4
      Culture/Entertainment Score             50.9 ± 36.7
      Errands Score                           63.6 ± 27.8
  Walk Score Categories (score range) n (%)   
      Car-dependent (0--49)                   11 (24)
      Somewhat walkable (50--69)              8 (18)
      Very Walkable (70--89)                  21 (47)
      Walker's Paradise (90--100)             5 (11)

BMI = body mass index; METs = metabolic equivalent; MVPA = moderate-to-vigorous physical activity; PA = physical activity

^a^ Presented as mean ± SD unless otherwise noted

[Table 2](#pone.0214092.t002){ref-type="table"} presents the general linear model results for the adjusted associations between Walk Score and PA variables. Total Walk Score was significantly associated with steps. Specifically, for every 1-unit increase in Walk Score, participant's steps per day increased by 51.4 (95% CI: 11.1--91.7, p = 0.01), and steps/min increased by 0.06 (95% CI: 0.02--0.11 (p = 0.009). The models accounted for 47% and 36% of variability in steps and steps/min, respectively. Walk Score was not significantly associated with LPA, MVPA, TAC, or METs.

10.1371/journal.pone.0214092.t002

###### Associations between total Walk Score and physical activity measures.

![](pone.0214092.t002){#pone.0214092.t002g}

  Physical Activity Variable        Adjusted R^2^[^a^](#t002fn002){ref-type="table-fn"}   Β[^b^](#t002fn003){ref-type="table-fn"}   p-value
  --------------------------------- ----------------------------------------------------- ----------------------------------------- -----------
  Steps per day                     0.47                                                  51.4                                      **0.01**
  Steps per minute                  0.36                                                  0.06                                      **0.009**
  Light PA (mins/day)               0.40                                                  0.53                                      0.14
  MVPA (mins/day)                   0.32                                                  0.17                                      0.11
  Total Activity Counts (per day)   0.37                                                  893                                       0.08
  METs (per day)                    0.18                                                  0.003                                     0.07

METs = metabolic equivalent; MVPA = moderate-to-vigorous physical activity; PA = physical activity

^a^ adjusting for BMI, age, race/ethnicity, wear time, seasonality, employment and student status

^b^ Units for Walk Score = 1: Interpretation of β coefficient is for every 1-unit increase in Walk Score, there is an increase in the PA variable by the specified amount.

[Table 3](#pone.0214092.t003){ref-type="table"} presents the Walk Score sub-score analyses for steps/day and steps/min.

10.1371/journal.pone.0214092.t003

###### Association of Walk Score sub-scores with step outcomes.

![](pone.0214092.t003){#pone.0214092.t003g}

                          Steps/Day   Steps/Min                             
  ----------------------- ----------- ----------- ----------- ------ ------ -----------
  School                  0.42        28.7        0.08        0.29   0.04   0.06
  Park                    0.45        50.6        **0.03**    0.33   0.06   **0.02**
  Grocery Store           0.45        34.4        **0.02**    0.33   0.04   **0.02**
  Culture/Entertainment   0.45        36.3        **0.02**    0.35   0.05   **0.01**
  Dining/Drinking         0.45        53.9        **0.03**    0.34   0.07   **0.02**
  Shopping                0.45        50.0        **0.02**    0.33   0.06   **0.02**
  Errands e               0.48        52.0        **0.009**   0.37   0.06   **0.005**

^a^ adjusting for BMI, age, race/ethnicity, wear time, seasonality, employment and student status

^b^ Units for Walk Score = 1: Interpretation of β coefficient is for every 1-unit increase in Walk Score™, there is an increase in the PA variable by the specified amount.

The associations between individual Walk Score sub-scores and step variables were significant for dining and drinking, errands, shopping, culture/entertainment, park, and grocery store (steps/day and steps/min) (all p\>0.05). No significant associations were found for Walk Score sub-scores for school.

For each 10-unit increase in neighborhood Walk Score, there was a 59% increased odds of participants meeting the step guidelines (OR, 95% confidence interval: 1.59, 1.04--2.99) and a 63% (1.63, 1.06--3.02) increased odds of meeting the MVPA guidelines ([Fig 1](#pone.0214092.g001){ref-type="fig"}).

![Log odds of meeting physical activity guidelines based on Walk Score \* (OR, 95% Confidence Interval)\*.\
Units for Walk Score = 10 (for each 10 unit increase in Walk Score).](pone.0214092.g001){#pone.0214092.g001}

Discussion {#sec005}
==========

In a sample of overweight/obese young women from Boston, Massachusetts, Walk Score was associated with steps (steps/min and steps/day) and meeting PA aerobic guidelines for both steps and MVPA. Walk Score was not associated with TAC, LPA, MVPA (mins/day), or METs.

Studies examining associations between neighborhood walkability and objective PA measures have mostly occurred in Europe and Asia, with few comparable studies in North America \[[@pone.0214092.ref016]\]. There are acknowledged differences in physical infrastructure between Europe, Asia and North America regarding the built environment, which may influence the relationships between walkability and PA \[[@pone.0214092.ref039]\]. In contrast to our findings, prior studies conducted in North America using objective measures of PA did not find significant associations between Walk Score and steps \[[@pone.0214092.ref029]\]. However, this research was conducted with diabetic, sedentary and older adults which may explain the difference in findings in the current study\[[@pone.0214092.ref029]\]. A global study involving 111 countries by Althoff et al., reported a significant positive association between objectively measured steps via a smartphone app and Walk Score \[[@pone.0214092.ref028]\]. This association was shown to be higher among those who were overweight/obese and female \[[@pone.0214092.ref028]\] which closely mirrors the demographic characteristics of participants in our study. Our current study extends the findings of Althoff et al., by showing similar results using an accelerometer to objectively measure steps rather than a smartphone app \[[@pone.0214092.ref028]\]. We also found that women living in higher Walk Score neighborhoods were more likely to meet the aerobic PA guidelines for both steps and MVPA. Our work, using objectively assessed PA (steps and MVPA) extends the findings of two studies conducted in North America among Cuban immigrants \[[@pone.0214092.ref040]\] and among older adults in Canada that relied on self-reported walking \[[@pone.0214092.ref041]\].

In contrast to our findings mentioned above with significant associations for steps, steps per min and meeting the PA aerobic guidelines (steps and MVPA) and Walk Score, we did not find significant associations between Walk Score and TAC (per day), LPA (mins/day, MVPA (mins/day) or total PA (mins/day). Previous studies using accelerometry and Walk Score also found no association of Walk Score with TAC, LPA, MVPA and total PA in a low-income, older adult Canadian population \[[@pone.0214092.ref030]\]. This is further confirmed with a study which did not find associations between self-reported total PA and Walk Score in 18--29 year olds which closely mirrors the age group in the current study (18--35 years) \[[@pone.0214092.ref042]\]. Thus, we are able to confirm previous findings of the non-significant association of Walk Score with specific objective measures of PA volume and/or intensity to young, urban, U.S., overweight/obese women.

Many of the women in the current study either lived, worked and/or went to school in urban Boston neighborhoods. Boston is considered one of the most walkable cities in the US, ranking \#3 in 2014 and 2015, the years of data collection in the current study \[[@pone.0214092.ref043], [@pone.0214092.ref044]\]. Previous research found mixed findings regarding walkability in urban settings and its effect on PA. Some research shows that residents in highly walkable urban areas have more steps \[[@pone.0214092.ref036]\] and MVPA \[[@pone.0214092.ref045]\], while other research shows that individuals in more walkable neighborhoods have higher PA within that area, but not higher overall PA \[[@pone.0214092.ref046]\]. Additionally a prior study found that living in more walkable neighborhoods was more strongly related to frequency of walking but not minutes of walking suggesting more frequent but shorter walking trips\[[@pone.0214092.ref047]\]. These mixed findings illustrate the complex relationship between the built environment and physical activity at the individual level. Furthermore, the multiple approaches to walkability and PA measurement in the literature contributes to the mixed findings. This complexity may explain why our study found significant positive associations between Walk Score and steps and meeting the PA guidelines for steps and MVPA, but no association between Walk Score with TAC, LPA, MVPA, or METs.

We also found significant positive associations between Walk Score sub-scores and steps for culture/entertainment, dining/drinking, shopping, errands, grocery and parks, with no associations for schools sub-score. Previous studies have reported similar findings relating walking with food destinations \[[@pone.0214092.ref048]\], business destinations \[[@pone.0214092.ref048]\], and shopping activities \[[@pone.0214092.ref006], [@pone.0214092.ref049]\]. It is unlikely school score was a significant factor for our young adult female cohort because most were students but may not have attended schools in their home neighborhoods. To our knowledge, this is the first study to examine Walk Score sub-scores.

There are several strengths of the current research. First, we were able to obtain objective and validated measures of PA to assess duration, intensity (MVPA; METs) and volume (steps, TAC) and explore the associations with Walk Score. Walk Score is free, publically available, easy to use, valid and reliable estimate of neighborhood walkability that focuses on proximity and access to goods and services within home neighborhoods. We were also able to utilize the individual Walk Score sub-scores to examine specific neighborhood characteristics related to PA. To our knowledge, this is the first research to examine Walk Score sub-scores and thus provide context to which resources in a neighborhood may have stronger or weaker associations with PA. Another strength of the current study was our ability to statistically control for known confounders in walkability and PA research such as age, race/ethnicity, BMI, and seasonality \[[@pone.0214092.ref029]\]. However, the current small sample was restricted to urban, overweight and obese women, so our results likely cannot be generalized to other populations. While we were able to account indirectly for individual level socioeconomic status via employment and student status, we did not control for area-level socioeconomic status due to the large number of communities represented in this small sample. Finally, we do not have information on the exact location where the activity occurred, and our objective measures of PA did not differentiate between PA for transportation and for leisure. Prior studies have shown that Walk Score has different associations with transportation and recreational PA \[[@pone.0214092.ref027], [@pone.0214092.ref050]\]. It is also noteworthy that most of our participants were employed and also were students, who may have spent considerable time outside of their home neighborhood which is where we based our Walk Score analysis. Future studies should consider using Walk Score assessments beyond the home neighborhood to neighborhoods such as school and/or work neighborhoods as relevant an individual's daily activities.

In conclusion, Walk Score was associated with steps, and meeting the guidelines for PA (steps and MVPA) but not with other measures of PA for intensity and/or volume in this sample of urban overweight and obese women. Women with a higher Walk Score were more likely to meet the PA recommendation for steps and MVPA, indicating that living in a more walkable neighborhood can contribute to meeting the PA guidelines. Therefore, public health policies and practice should promote positive changes to the built environment that encourage walking and walkability of neighborhoods to increase PA, and ultimately, improve health. Future studies should assess whether these findings extend to men, other weight status categories and non-urban settings.
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